MATERIALS AND METHODS
The indicator strains used in our laboratory were the same as those described by Abbott and co-workers (1, 2) . Both indicator strains and colicin type strains were obtained from R. R. Gillies, University of Edinburgh, Scotland, Joan Davies, Public Health Laboratories, Guildford, England, and T. F. Elias-Jones, The City Laboratory, Glasgow, Scotland. Strains of S. sonnei to be typed were collected during outbreaks of shigellosis by our laboratories and identified as previously described (13) . Strains isolated by other laboratories in the United States and sent to our laboratory for colicin typing were streaked onto MacConkey agar plates to test for purity and were tested for agglutination with S. sonnei antiserum.
Cultures were typed by the method of Abbott and co-workers (1, 2) with the modifications of Gillies (10) and Reller (16) . These methods were briefly as follows. The strain of S. sonnei to be typed was inoculated in a diametric streak on two blood agar plates and incubated at 36 C for 18 to 24 h. The macroscopic growth was scraped off the agar surfaces by using a glass slide (2.5 x 7.6 cm). The remaining culture on the plates was killed by adding 1 to 2 ml of chloroform into the lid of the petri dish containing filter paper and then by inverting the dish in the lid. After approximately 15 Table 4 along with the antibiotic resistance patterns. In outbreak 10, there were three isolates which demonstrated a colicin type different from the predominant strain implicated in the epidemic (the unclassifiable strains differed on indicators 10 and 13 from type 9). The same three isolates had a different antibiotic resistance pattern. In outbreak 11 one culture was a different colicin type, but had the same antibiotic resistance pattern. Outbreak 14 represented simultaneous outbreaks in a mental hospital and in the near-by community. The two occurrences were thought to be epidemiologically related. Two colicin types were identified, and the antibiograms of the two types differed. The antibiograms of the type 9 strains were not uniform, but this is not unusual for hospital situations where antibiotic resistances are frequently acquired. Outbreak 18 involved 300 children in a church camp. The camp had been set up temporarily in an abandoned school. Conditions were extremely overcrowded, and subsequent studies revealed that the water supply was grossly contaminated by sewage. Examination of cultures from 45 patients from this epidemic revealed 44 untypable strains, one type 8 and one type 3. Antibiotic susceptibility tests showed the untypable strains and the type 3 strains to be multiply sensitive, but the type 8 strain was resistant to three antibiotics.
The frequency with which the various types were identified from all sources is shown in Table 5 . The large number of identical strains from an epidemic situation was included only once in this summary. Sporadic isolates were also counted once. Forty percent of these strains were untypable, 22% were type 9, and the rest were scattered among eight known types and the unclassifiable group. The unclassifiable group includes organisms producing inconsistent or atypical patterns. Because untypable strains constituted 40% of all the strains we examined, we attempted to subtype the untypable group by using the set of indicator strains as the colicin producers and the epidemic strains as the indicator of colicin production, that is, by measuring colicin sensitivity rather than colicin production of the epidemic strain. This method is used in bacteriocin typing of other bacteria and has been used by Aoki et al. (3) in Japan for subtyping S. sonnei. We subtyped the untypable strains from 3 epidemics. Two patterns of sensitivity were noted (Table 6) . Some strains from all 3 epidemics gave subtype pattern I, but some strains from 2 of the epidemics also gave subtype pattern II. Multiple isolates from a single individual gave both subtype patterns; therefore, it appears that this may not be a reliable means of subtyping these strains.
DISCUSSION
Most of the colicin type patterns observed with known type strains were reasonably close to those reported by British workers. It appears that some variation in the system does occur between laboratories and from day to day within a laboratory. Slight differences in media, incubation temperature, and incubation time may influence colicin production (6, 14) . However, the significance of the slight changes in colicin production patterns is minimized by testing known type strains along with the epidemic strains being examined. Age of the culture may also have an effect on colicin production as was shown by the types 9 and 11 strains in these studies.
With most of the epidemiologically related cultures investigated, a uniform colicin production pattern was noted. Exceptions were observed in four outbreaks, and these discrepancies may be due to three things. (i) Study of any large population may reveal some carriers of a disease or persons with diseases having no epidemiologic relationship to the rest of the group, which could have been the case in outbreak 18. (ii) When epidemics are due to grossly contaminated situations, more than one strain of the pathogen may be present. This has been noted occasionally in large outbreaks of salmonellosis (4) . (iii) The colicin-producing characteristics of an organism may be transferred between bacteria by means of an episome similar to the transfer of antibiotic resistance (8, 9, 15) . The latter could explain outbreak 10 (simultaneous episomal transfer of colicin and antibiotic factors) and outbreak 11 (independent transfer of colicin factor). In some epidemic situations, it is impossible to determine which of these factors is involved.
Forty percent of the strains were untypable, and attempts to subdivide these isolates by testing colicin sensitivity were unsuccessful. The method divides 60% of the strains into 15 established colicin types.
We could not obtain a Gillies type 14 for testing. A Gillies type 15 was found to be identical to Abbott's type 8 (1) in our studies. Cultures from two outbreaks previously reported to be unclassifiable by Reller (16) were found to be types 8 and 9 in these studies. However, Reller did not have cultures of all known types available for inclusion in his studies, and his indicator strains 11 and 14 differed from those used in these studies. This points up the necessity for including known type strains in each analysis to ensure that the system is working properly.
The colicin typing system appears to be a useful method of differentiating strains. The method has reasonably good reproducibility, but should not be interpreted with the same degree of confidence as some other characteristics such as serotypes. For this reason, known type strains should be included as controls in each run to ensure uniformity of results.
